Abstract. The UNBSSI is a long-term effort for the development of astronomy and space science through regional and international cooperation in this field on a worldwide basis. A series of workshops on BSS was held from 1991
I. Introduction

A. Background and objectives
The Third United Nations Conference on the Exploration and Peaceful Uses of Outer Space (UNISPACE III), in particular through its resolution entitled "The Space Millennium: Vienna Declaration on Space and Human Development", recommended that activities of the United Nations Programme on Space Applications should promote collaborative participation among Member States, at both the regional and international levels, in a variety of space science and technology activities, by emphasizing the development and transfer of knowledge and skills to developing countries and countries with economies in transition.
i At its fifty-second session, in 2009, the Committee on the Peaceful Uses of Outer Space endorsed the programme of workshops, training courses, symposiums and conferences planned for 2010.
ii Subsequently, the General Assembly, in its resolution 64/86, endorsed the report of the Committee on the work of its fifty-second session.
Pursuant to General Assembly resolution 64/86 and in accordance with the recommendations of UNISPACE III, annual United Nations/National Aeronautics and Space Administration/Japan Aerospace Exploration Agency Workshops on the International Space Weather Initiative have been scheduled to be held prospectively in Egypt (2010) for the region of Western Asia, in Nigeria (2011) for the region of Africa, and in Ecuador (2012) for the region of Latin America and the Caribbean.
Organized by the United Nations, the European Space Agency (ESA), the National Aeronautics and Space Administration (NASA) of the United States of America and the Japan Aerospace Exploration Agency (JAXA), the Workshop was the eighteenth in a series of workshops on basic space science, 
II. International Space Weather Initiative Instrument Arrays in Operation
African Global Positioning System Receivers for
Equatorial Electrodynamics Studies It was recalled that the African Global Positioning System Receivers for Equatorial Electrodynamics Studies (AGREES) instrument array was deployed to:
To understand the unique structures of the equatorial ionosphere that had been reported from satellite observation data in the African region, which data had not been confirmed, validated or studied in detail by observations from the ground owing to a lack of suitable groundbased instrumentation in the region; (b)
To monitor and understand the processes governing electrodynamics and plasma production and loss in the lower and middle latitudes as a function of local time, season and magnetic activity; (c)
To estimate the contribution of ionospheric and plasma spherical irregularities and their effect on global navigation satellite systems (GNSS) and communications systems in the African region, where significant signal degradation (scintillation) had become a challenging problem.
African Dual Frequency Global Positioning System
Network It was noted that the Global Positioning System (GPS) consisted of a minimum of 24 satellites orbiting the Earth at an altitude of approximately 20,000 km. Each satellite transmitted a radio-wave signal to GPS receivers. By determining the time that the GPS signal reached a GPS receiver, one calculated the distance to the satellite in order to determine the exact position of the GPS receiver on Earth. Different errors in the determination of the distance between satellite and GPS receiver were introduced while the signal traversed the ionosphere and troposphere. The analysis of the satellite signal errors led to the determination of geophysical parameters such as the total electron content in the ionosphere or atmospheric water vapour distribution in the troposphere. The African Dual Frequency Global Positioning System Network (GPS-Africa) instrument array consisted of a number of different networks of GPS receivers: the International GPS Service (IGS), the Analyse multidisciplinaire de la mousson africaine (AMMA), the Scintillation Network Decision Aid (SCINDA) and AGREES.
African Meridian B-field Education and Research
It was observed that the African Meridian B-field Education and Research (AMBER) instrument array was deployed to: (a) monitor the electrodynamics that governed the motion of plasma in the lower and middle latitudes as a function of local time, season and magnetic activity; (b) understand ultra-low-frequency pulsation strength into low-and mid-latitudes and its connection with equatorial electrojets and the auroral electrojet index; and (c) support studies about the effects of Pc5 ultra-low-frequency waves on the mega electron volt electron population in the inner parts of the Van Allen radiation belts.
In addition, to cover the largest land-based gap in global magnetometer coverage, the AMBER instrument array addressed two fundamental areas of space physics:
(a) the processes governing the electrodynamics of the equatorial ionosphere as a function of latitude (or L-shell), local time, longitude, magnetic activity and season; and (b) ultra-lowfrequency pulsation strength and its connection with equatorial electrojet strength at low-and mid-latitude regions.
Space-based observations showed unique equatorial ionospheric structures in the African region, although those had not been confirmed by ground-based observations, owing to a lack of ground-based instruments in the region. The AMBER magnetometer array, in partnership with GPS receiver arrays (GPSAfrica, SCINDA and CIDR), would allow the understanding of the electrodynamics that governed equatorial ionospheric motions.
Atmospheric Weather Electromagnetic System for
Observation Modeling and Education and the sudden ionospheric disturbance monitor It was recalled that the Atmospheric Weather Electromagnetic System for Observation Modeling and Education (AWESOME) and the sudden ionospheric disturbance monitor instrument arrays consisted of extreme low frequency and very low frequency receivers recording radio signals between 300 Hz and 50 kHz. Monitoring the strength of those signals served as an ionospheric diagnostic tool, since the propagation of the radio signals from transmitter to receiver relied on the conditions of the lower ionosphere.
The AWESOME instruments recorded a number of single-frequency radio stations and also recorded broadband natural radio signals, such as those which were emitted by lightning and wave-particle interactions in the Earth's magnetosphere. AWESOME monitored the amplitude and phase of very low frequency transmitter signals with 50 Hz time resolution and allowed the entire radio spectrum between 300 Hz and 50 kHz to detect natural signals such as those coming from sferics, whistlers, chorus and hiss. The sudden ionospheric disturbance monitor instruments were a simpler version of the AWESOME instruments for educational purposes and recorded primarily singlefrequency stations with an amplitude of very low frequency transmitter signals with 0.2 Hz time resolution.
Compound Astronomical Low-cost Low-frequency
Instrument for Spectroscopy and Transportable Observatory It was noted that the Compound Astronomical Lowcost Low-frequency Instrument for Spectroscopy and Transportable Observatory (CALLISTO) spectrometer was a heterodyne receiver. It operated between 45 and 870 MHz, using modern commercially available broadband cable-TV tuners with a frequency resolution of 62.5 kHz. The data recorded by the CALLISTO instrument array were flexible image transport system (FITS) files with up to 400 frequencies per weep. The data were transferred via a R232 cable to a computer and saved locally. Time resolution was of the order of 0.25 second, depending on the number of channels. The integration time was 1 millisecond and the radiometric bandwidth about 300 kHz. The overall dynamic range was larger than 50 decibels.
Continuous H-alpha Imaging Network
It was observed that, in order to understand and predict the space weather situation, it was critical to observe erupting phenomena on the solar surface that were initial boundary conditions for all processes. The Continuous H-alpha Imaging Network (CHAIN) instrument array is an observational network with ground-based solar flare monitoring telescopes.
Coherent Ionospheric Doppler Receiver
It was recalled that the Coherent Ionospheric Doppler Receiver (CIDR) instrument array consisted of systems of ultra high frequency/very high frequency radio receivers, a control computer and two antennas (one for CIDR and one for GPS). CIDR data were used to tomographically reconstruct the ionosphere along the respective satellite track. Depending on the number of ground installations (no less than three) and the baseline, the tomography could reveal the large-scale structure of the ionosphere, medium-sized structures such as plumes and patches and very fine structures, using a short baseline configuration. In addition, CIDR data were used as an input to data assimilation models for reconstructing the ionosphere on a global or local scale.
Global Muon Detector Network
It was noted that the Global Muon Detector Network (GMDN) was a network of multidirectional muon telescopes distributed on three different continents, covering a global range of asymptotic telescope views. As a test case, using GMDN data, it was possible to observe a cosmic ray precursor for the magnetic storm that had occurred in December 2006.
Magnetic Data Acquisition System
It was observed that the Magnetic Data Acquisition System (MAGDAS) was deployed for space weather studies during the period 2005-2008, overlapping with the development of the United Nations Basic Space Science Initiative and International Heliophysical Year campaign. MAGDAS aided the study of the dynamics of geospace plasma changes during magnetic storms and aurora substorms, the electromagnetic response of the ionosphere-magnetosphere to various solar wind changes and the penetration and propagation mechanisms of DP2-ULF range disturbances from the solar wind region into the equatorial ionosphere. MAGDAS conducted real-time monitoring and modelling of the global three-dimensional current system and the ambient plasma density for understanding changes in the electromagnetic and plasma environment in the geospace.
Optical Mesosphere Thermosphere Imager
It was recalled that the Optical Mesosphere Thermosphere Imager (OMTI) instrument array observed the Earth's upper atmosphere through nocturnal airglow emissions from oxygen and hydroxyl in the mesopause region (at analtitude 80-100 km) and from oxygen in the thermosphere/ionosphere (at altitude of 200-300 km). OMTI consisted of all-sky cooled charge-coupled device imagers, Fabry-Perot interferometers, meridian scanning photometers and airglow temperature photometers, in order to measure two-dimensional images of upper atmospheric disturbances and their Doppler wind and temperature.
Remote Equatorial Nighttime Observatory for
Ionospheric Regions It was noted that Remote Equatorial Nighttime Observatory for Ionospheric Regions (RENOIR) stations operated in order to improve understanding of the variability in the night-time ionosphere and the effects of that variability on critical satellite navigation and communication systems. RENOIR instruments were dedicated to studying the equatorial/low-latitude ionosphere/thermosphere system, its response to storms and the irregularities that appeared on a daily basis. A RENOIR station consisted of the following: (a) one widefield ionospheric imaging system; (b) two miniaturized Fabry-Perot interferometers; (c) a dual-frequency GPS receiver; and (d) an array of five single-frequency GPS scintillation monitors. The array of single-frequency GPS scintillation monitors provided measurements of the irregularities, as well as their size and speed. The dualfrequency GPS receiver measured the total electron content of the ionosphere. If available, an all-sky imaging system measured two different thermosphere/ionosphere emissions from which the twodimensional structure/motion of irregularities was observed. Those observations were used to calculate the density and height of the ionosphere. Two miniaturized Fabry-Perot interferometers measured the thermospheric neutral winds and temperatures. The two interferometers were separated by 300 km, allowing bistatic, common-volume measurements. Those measurements were useful for studying the response of the thermosphere to storms as well as for looking for the possible connection of gravity waves to the seeding of equatorial instabilities.
South Atlantic Very Low Frequency Network
It was observed that the South Atlantic Very Low frequency Network (SAVNET) used the properties of very low frequency wave propagation on long distances between a transmitter and a receiver in the Earthionosphere waveguide. The waveguide was formed by the Earth's surface, which was an electrical conductor, and by the low ionosphere D-region at an altitude of approximately 70 km of altitude during diurnal conditions and the E-region at an altitude of approximately 90 km at night without the presence of solar radiation. The characteristics of very low frequency propagating waves (amplitude and phase velocity) in the waveguide critically depended on the geometry of the waveguide, the electrical conductivity of its borders and the geomagnetic field. All phenomena capable of changing those waveguide properties affected the characteristics of very low frequency propagation.
SAVNET had two main objectives: (a) the indirect long-term monitoring of solar radiation; and (b) providing a diagnostic tool to study the ionosphere above the South Atlantic Magnetic Anomaly (SAMA) region during quiescent and geomagnetically disturbed periods. Further objectives of SAVNET were: (c) the study of ionospheric D-region properties during transient perturbations such as solar flares; (d) the diagnosis of extrasolar sources of ionospheric perturbations; (e) the observation of atmospheric phenomena producing ionospheric perturbations, like sprites, terrestrial gammaray flashes and seismo-electromagnetic processes; (f) the provision of experimental data sets to feed computational propagation codes in order to obtain daily templates of very-low-frequency wave properties on a given transmitter-receiver path; and (g) the study of peculiar properties of the ionosphere at high (southern) latitudes.
The SAVNET base receiver was composed of two directional squared (3m x 3m) loop antennas and an isotopic vertical (6 m) antenna. The sensor signals were amplified and transported to an A/D audio card. The wave characteristics were provided by a Software Phase and Amplitude Logger computer code.
Scintillation Network Decision Aid
It was recalled that SCINDA was a real-time, datadriven communication outage forecast and alert system. It aided in the specification and prediction of satellite communication degradation resulting from ionospheric scintillation in the equatorial region. Ionospheric disturbances caused rapid phase and amplitude fluctuations of satellite signals observed at or near the Earth's surface; those fluctuations were known as scintillation. The most intense natural scintillation events occurred during night-time hours within 20 degrees of the Earth's magnetic equator, a region encompassing more than one third of the Earth's surface. Scintillation affected radio signals up to a few GHz frequencies and seriously degraded and disrupted satellite-based navigation and communication systems. SCINDA was designed to provide regional specification and short-term forecasts of scintillation activity to operational users in real time.
Space Environmental Viewing and Analysis Network
It was noted that the Space Environmental Viewing and Analysis Network (SEVAN) was an array of particle detectors located at middle and low latitudes which aimed to improve fundamental research of space weather conditions and to provide short-and long-term forecasts of the dangerous consequences of space storms. SEVAN detected changing fluxes of different species of secondary cosmic rays at different altitudes and latitudes, thus turning SEVAN into a powerful integrated device used to explore solar modulation effects.
